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Studies with 1% labeled thyroxine and carboxyl C'*
labeled thyroxine have afforded valuable information
on the metabolism of this important thyroid hormone.
Recause the I'1- and the Ct-carboxyl labels are readily
removed physiologically, onr knowledge about the
metabolic fate of the diphenyl ether moiety of the
molecule is incomplete. To investigate this aspect of
thyroxine metabolism, r-thyroxine labeled with
in the phenolie ring has been synthesized.

In order to utilize a previously reported? method for
the convenient preparation of n-thyvroxine from p-
methoxyphenol, it was necessary to prepare this inter-
mediate from phenol-C' by the reaction scheme shown

Chart I. Then, by madification of the Chalmers,
el al.,* method for the eondensation of N-acetyl-3,5
dinitro-r-tyrosine ethyl ecster with p-methoxypheno!
nnd conversion of the condensation produet to 1 thy-
roxine, it was possible to prepare 1-thyroxine-CtH
twelve steps in an over-all yield of 2.657.. The details
arc reported i this communication.
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Experimental?

Phenyl-C!* Benzenesulfonate.-—To a stirred solution of phenol-
Ct (uniformly labeled, specific activity, 1.3 me./mmole,* 216
nig., 2.3 mnioles) in anhydrous pyridine (1 mil.) was added a solu-
tion of redistilled benzenesulfony] chloride (460 mg., 2.6 minoles)
in aunhydrous pyridine (1.1 ml.) over & period of 5 min. while the
temperature was maintained at 25-30°. Stirring was continued

(1) This work Las heen supyrtial in part hy a grant (M-2730) from the
Nautiunal Institutes of Health, T, 8. PPulilic Healtl Service.

{2) J. R, Clialiners, Gi. T Dickson, J, Illks, arul B A, Hews, J. Chem. Sve,,
BEMERPASITIN

(3) Melting points were ‘letermined on a Yisher~Jolins Int stage apparains
ninl are correctel.

(4) Procured from New England Nuedear Corporation, Bustun, Massu-
rlingetts.
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at 25--30° for 1 L., then the mixture was allowed to stand overs
niglt at room tempersture (25°). Ice (4 g.)} was added to the
renction mixture.  After adjustiment to pH 1 with concentrated
liydrachlorie aeid, the turbid solntion was saturated with sodiuim
chloride, and the prodiet was extracted with ten 3-ml. portions
af benzene.  Ivaporation of the benzene afforded crude phenyl-
G benzenesulfonate (560 mg., 104505 as u colorless oil (lit.*
NLp. 34500

p=Nitrophenyl-C#¢ Benzenesulfonate.~-The crude phenyl-Ch
benzenesulfonnte Tassnme 2.3 nunoles) was cooled below 07,
and enneentrated =nlfuric acid (0.47 mlt was added slowly 3
min.y with mannal stirring. To the mixtnre was added finely
phlverized potassimn nitrate (293 mg., 2.9 mmoles) with manal
stirring over a period of 30 min. while the temperatirre was main-
tained at 0 or below. The nearly dry eream-colored reactinn
mixture was then warmed to 40307 (oil bath) for an additional
SO min. with 1»(-11<.<li<‘ stirring, cooled, and allowed to stand at
T tennperare 125%1for 1 hir. The mixture was cooled below
07 and bee (1 gy was added with stirring, . The agueons phase
was satirated witle sodimnr ehloride and the prodiet extracted
with eight d-ml portions of cther. Evaporation of the ether uf-
furded a residne whicl was rendered anhydrous by three evapora-
tions of its golutions in anhydrons benzene (10 ml cachij. The
aily vellow solid 029 g, m.p., 47-66°% was reerystallized from
absohite inethanal (1.4 ml). The prodnet was collected, washed
with two 0.25-ml portions of methanol, and dried in vacuo iver
phospliorizs pentoxide. The light vellow prisms of p-nitrophenyl-
(@S l»(n/mwsnll}m wte 1404 myg., 6377 based on phenal-Cr ) meited
al 82--83°, lit nip. 82°), specific netivity, 1.38 me. /inmale,

p=Nitrophenol-(""".-—A solntion of p-nitrophenyl-CH' Lenzene-
sillmate 7404 Hng., 145 innolesy in 2 N sodinm hydmside 15
mly and ethaunl €15 ml was refluxed for 1 hre The cethonil
was evaporated, and the resnlting aqueons soliition was acidified
ta pIl 1 with coacentrated hydroehlorie acid, then sotirated
with sodinor chbwide, and extracted with ten 10-ml portions of
cther. The ether was evaporated awd the residne rendered
anhyilmng by two evaporations of its solutions in anhydrons
benzene (15 ml caeb). The resulting eream-enlored needles of
penitrophenol-CH 1202 mg., 1004 7 melted at 10U-110.5%, 1115
mep. TR

p=Nitroanisole=C'" —p-Nitrophennl-C (202 mg., 145 unnnies)
wos dissolved in auhyvdrons cther (10 mbLi containing o trare
caboat 1 onig of Creshly prepared alumimnn s-lmtoxide® T
the mixtire was added oo dry solntion nf diazomethane in ether?
at a fairly rapid rate at room temperature. The reartion vessel
was lonsely stoppered and allowed to stand at room temperature
s24%5 for 1 L The exeess dianzinnmethane was destroyved by addi-
Hon of glacial acetic acid (1 ml) with stirring, and the pale
vellow ether solution was extracted siecessively with fonr 10-ml.
portivns uf N sodium hydroxide and three 10-nl. portions »f
suturated sodinm chiloride. The combined sodium hydroxide
and sodinn eldoride extracts were reserved for recovery of nn-
chinnged p-nitroplienol-CU The ether phase was evaporated ™
(12 anny, 4575 and the residnal oily solid was rendered an-
hadeims by twn evaporations of itg sohitions in hieptane (15 ml
cachii, The eream-cilored |(‘.n(l|( Iy nee <ll<‘q of p-nitroanisole-t i
128 mg s mcelied at 45409 B . S

The muchanged p-mtrophenol-CH was recovered Tana the -
Finel] saditne ehloride mnl sodinm hvdroxide extraets Dy acidi-
Heatinn 1o pt T with concentrated hydrochlorie acid, satiration
witli sadini ehloeide, ad extractbm with ten 1O-ml portions of
pihie, The ether was evaporated and the residue rendered
anbyvdrons hiv two evaporations of its solutions i snhydrons
Lenzene Ul caelis

The rerncerel peitrophennl-CH (89 g, anp. 10011555
wag nethvlited inoaomanner siimilar to that used above with the
swae amonnt of diazomethane overnight at roomn temperatire,
The total vield of p-nitroanisole-C nbtained after three methyla-
tions was 223 g, 10007 ),

53¢ R (mn Bye 18, 1833 11886,

HITEE N e |l| Guazzo (o, Tord,, 11, 77 (1881Y,

g RS ., 228, 2000 (18K4).

o8 1L Aerrwiircand G, Hing, 54, 484, 1 11DR07.

1 Dhiazomethone was pareparenl friom N-nitrosomethylnrea (0.6 g0, 407,
potassinn hydexile (2.4 ml}, aml anliydroos ether {30 ml).

105 Deeause of its Ligl volatility, the nroduct was not kept under vinnm
Lingrr thun was neressary ti reinpve the solvent,

110 10 eiloron sud M. ML Ruubory, “Dictionary of Organie Com-
P, Vol T Oxlord University Press, New Yuork, N Y. 1433, 10 632,
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p-Aminoanisele-Cl4,—A solution of p-nitroanisole-C'* (223 mg.,
1.45 mmoles) in 959, ethanol (15 ml.) containing platinum oxide
catalyst (20 mg.) was hydrogenated at slightly above atmospheric
pressure at 25°. After the reduction was complete (1 hr.), the
solution was filtered under an atmosphere of CO. into a flask
containing 6.0 N sulfuric acid (1.0 ml.). The catalyst and reac-
tion flask were rinsed with ethanol and the rinsings filtered and
transferred to the main solution. Evaporation of the ethanol
afforded crystalline p-aminoanisole-C!¢ hydrogen sulfate. The
product was freed from last traces of ethanol by three evapora-
tions of its suspensions in anhydrous benzene (10 ml. each).

p-Methoxyphenol-C'4,—The light tan p-aminoanisole-C!4
hydrogen sulfate (1.45 mmoles, assume 1009 reduction) was
suspended in 3 M sulfuric acid (2.5 ml.) and diazotized at O to &°
with sodium nitrite (102 mg., 1.48 mmoles) in water (1.2 ml.).
The diazonium solution was stirred at 0 to 5° for 15 min., then
the excess nitrite was destroyed with urea. The diazonium salt
was hydrolyzed by boiling it with 6 N sulfuric acid (50 ml.)
for 30 min. The reaction mixture was cooled and extracted
with four 20-ml. portions of peroxide-free ether. After the ex-
traction, the dissolved ether was expelled from the aqueous
phase by careful heating and the aqueous mixture refluxed again
for 30 min. This process of boiling for 30 min., ether extraction,
expulsion of dissolved ether from reaction mixture, and refluxing
the hydrolysate again was carried out a total of eight times.

The combined yellow ether extract was concentrated to about
30 ml, and the resulting ether solution was washed with three
5-ml. portions of saturated sodium chloride solution. The prod-
uct was then extracted with four 10-ml. portions of N sodium
hydroxide. The sodium hydroxide extracts were combined and
acidified to pH 1 with concentrated hydrochloric acid, saturated
with sodium chloride, and extracted with ten 10-ml. portions of
ether. The ether was evaporated and the residual oil rendered
anhydrous by two evaporations of its solutions in dry benzene
(10 ml. each). The ecrude red-brown semisolid p-metlioxy-
phenol-C* amounted to 177 mg. (989 based on p-nitroanisole-C!*
or 6292 based on phenol-C14), A melting point determination
was not praetical, lit.'*m.p. 33°. A paper strip (Whatman No. 1)
chromatogram was developed by ascending technique in benzene~
propionic acid-water (100:75:5). A single radicactive peak was
obtained which corresponded to authentic nonradioactive p-
methoxyphenol at B¢ 0.71. On spraying the chromatogram with
diazotized sulfanilic acid, a single spot developed which corre-
sponded with tlie radioactive peak.

N-Acetyl-3-[4-(4-methoxyphenoxy-C'4)-3,5-dinitrophenyl]-
L-alanine Ethyl Ester.—The procedure of Chalmers, ¢t al.?
was followed with modification of the amounts of reactants.
From N-acetyl-3,5-dinitro-L-tyrosine ethyl ester? (470 mg., 1.38
mmoles), p-toluenesulfony! chloride (263 mg., 1.38 mmoles),
anhydrous pyridine (1 ml.), and p-methoxyphenol-C!* (177 mg.,
1.42 mmoles) dissolved in pyridine (1.6 ml.) there was obtained
the yellow-brown crude N-acetyl-3-[4-(4-methoxyphenoxy-C!¢)-
3,5-dinitrophenyl]-L-alanine ethyl ester (405 mg., 669 based on
tyrosine derivative) which melted at 93-100° (softened at 68°).

The unchanged p-methoxyphenol-C!* was recovered from the
sodium hydroxide extracts by acidification to pH 1 with con-
centrated hydrochloric acid, saturation with sodium chloride, and
extraction with ten 10-ml. portions of ether. The combined
ether extracts were extracted with three 10-ml. portions of N
sodium bicarbonate. The ether solution was filtered through a
cotton plug and the ether evaporated. The residual oil was
rendered anhydrous by two evaporations of its solutions in an-
hydrous benzene (10 ml. each). The recovered p-methoxy-
phenol-C!* (33.5 mg.) remained as a vellow oil. By carrying out
a similar condensation on the recovered p-methoxyphenol-C
there was obtained a second erop of the dinitrodiphenyl ether
derivative (85 mg.), ni.p. 89-98° (softened at 83°). The two
crops of crude condensation product were combined (490 mg.),
recrystallized from ¢-butyl alcohol (1.5 ml.), and dried over phos-
phorus pentoxide in vacuo.

The recrystallized N-acetyl-3-[4-(4-metlioxyphenoxy-C!4)-3,5-
dinitrophenyl}-L-alanine ethyl ester (280 mg., m.p. 88-98°)
was dissolved in anhydrous benzene (3 ml.) and chromatograplied
on a column of Woelm alumina (neutral, grade 1) measuring
100 X 31 mm. The elution was carried out with a mixture

(12) Probably not a valid representation of degree of conversion because
of the impure nature of the product.
(13) H. Hlasiwetz and J. Habermann, 4nn., 177, 339 (1875).
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of benzene and chloroform as shown in Table I. Final stripping

was accomplished with ethanol and methanol.

TasLe I

ELveExT ComposiTion FoR ALUMINA CoLuMN CHROMATOGRAPHY
oF DINITRODIPHENYL ETHER DERIVATIVE

Chloro-

Volume, Benzene, form, Radio-
Fraction ml. ml. ml. activity®
IA 50 50 0 Trace
IIA 100 90 10 Trace
IIIA 100 80 20 Trace
IVAa 350 175 175 Trace
IVADb 100 50 50 High
VA 50 25 25 High
VIA 300 0 300 High
VIIA 200 Absolute ethanol High
VIIIA 200 Absolute methanol High

@ Alignots were counted in the Packard Tri-Cuarb liquid scintil-
lation counter.

Fraction IVADb contained the bright yvellow band from the
column characteristic of the dinitrodiphenyl ether derivative.
Fractions VA, VIA, VIIA, and VIIIA each afforded on evapora-
tion small amounts of uncrystallizable oils and gums ranging
in color from yellow to brown. These radicactive by-products
from the condensation reaction were not investigated.

Evaporation of solvent from fraction IVAb afforded the di-
nitrodiphenyl ether derivative (215 mg.) which was recrystallized
from ¢-butyl aleohol (1 1nl.), washied with two 0.1-ml. portions of
t-butyl aleohol, and dried 7n vacuo over phosphorus pentoxide.
The light yellow N-acetyl-3-[4-(4-methoxyphenoxy-C14)-3,5-dini-
trophenyl]-L-alanine ethyl ester (158 mg., 15 based on phenol-
C!) melted at 98~101° (softens 95°), lit.2 m.p. 109-110°.

N-Acetyl-3-[4-(4-methoxyphenoxy-C!4).3,5-diaminophenyl]-
r-alanine Ethyl Ester.,—A solution of N-acetyl-3-[4-(4-meth-
oxyphenoxy-C!4)-3,5-dinitrophenyl]-L-alanine ethyl ester (112
mg., 0.25 mmole) in 959 ethanol (10 ml.) containing plat-
inum oxide catalyst (10 mg.) was hydrogenated at slightly
above atmospheric pressure at room temperature (25°). During
the reduction, the system was protected from excessive light.
After the reduction was complete (about 2 hr.), the mixture
was cooled in ice, the flask was evacuated, and glacial acetic acid
(0.3 ml.) was added with stirring. The flask was flushed with
CO., and all subsequent manipulations were conducted in an
atmospliere of CO.. The reaction mixture was filtered, and the
solvent was evaporated. The residual pale vellow oil was ren-
dered anhydrous by evaporating its solution in absolute ethanol
(25 ml.) and finally rendered alcohol-free by two evaporations of
its solutions in anhydrous benzene (25 ml. each). The resulting
vellow viscous oil of N-acetyl-3-[4-(4-methoxyphenoxy-C4)-3,5-
diaminophenyl]-L-alanine ethyl] ester diacetate was used without
purification.

N-Acetyl-3-[4-(4-methoxyphenoxy-C!+)-3,5-diiodophenyl] -
L-alanine Ethyl Ester.—A slightly modified® procedure of
Chalmers, et al.,2 was followed with proportional reduetion
in the scale of materials throughout. From the crude N-acetyl-
3-[4-(4~methioxyphenoxy-C14)-3,5-diaminophenyl}-L-alanine ethyl
ester diacetate (0.25 mmole) obtained from the preceding reduc-
tion, there was obtained light buff colored prisms of N-acetyl-3-
[4-(4-methoxyphenoxy-C!4)-3,5-diiodophenyl]-1~alanine ethyl
ester (109 mg., 729 based on the dinitrodiphenyl ether deriva-
tive) which melted at 136~137°, lit.2 m.p. 143-144°.
3,5-Diiodo-L-thyronine-C!'t,—The procedure of Chalmers,
et al.,? was followed with proportional reduction in the scale of
reactants throughout. From N-acetyl-3-[4-(4-methoxyphen-
oxy-C14)-3,5-diiodophenyl]l-L-alanine ethyl ester (97 mg., 0.16
mmole), hydriodie acid (freshly distilled 579, 0.25 ml.), and
glacial acetic acid (0.25 ml.), there was obtained crude white
3,5-diodo-L-thyronine-C'* (45 mg., 549, based on 3,5-diiodo
derivative) which melted at 244° dec., lit.? n1.p. 255° dec. It was
used without purification.

(14) After the finely pulverized sodium nitrite was added to concentrated
sulfuric acid, the mixture was warmed to 70° until solution was complete.
It was then cooled to 0° and cautiously diluted with glacial acetic acid.
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L=-Thyroxine-C.!"-—The method ol Chalmers, ¢t al..* was fol-
lowed.  From 3 5-diiodo-L-thyronine-C1* (26 mg., 0.05 mole?,
3360 ngneons ethiylamine (0.26 mly, and o LY N salntion (0.11
ml) of iodine in conecentrated potassimin indide, there was nt-
tained crnde  r-thyroxine-C''. Precipitation frome o mixthre
ol 95¢%¢ ethanol 1T il and 2V soditna hydmxide (0.5 il
afforded pure white ervstalline L-thyroxine-Ct i1y mg., 44,
based on 3,5-diiodo-1-thyronine-C'i, 2.6 hased on phenol-C
[t medted at 227-228° dee. S5 gpecifir activity 135 we g,

Characterization of [~Thyroxine-('"", A. Paper Chroma-
tography.—The 1-thyrmxine-C'* was compared with nonradione-
tive and TW-labeled L-thyroxine by descending techniglie in three
ditferent solvent svstems: (~unyl aleohnl satnrated with 2V
ammoninm hyvdroxide. n-bntylalechol - p-dinxane--2 N mmnoniinn
hvdroxide (4:1:5), and r-butyl alenlinlacetio neid-—-water (41154
The R; valines were 0.26, 048, and 0.85, respectively. A single
radioactive peak corresponding to nonradionctive s-thyrxine
was observed 1 ench o

B. Biological Activity.-—1he L-thyroxine-Cr¢ exhibited biologi-
cal netivity equivalent to authentic r-thyroxine when tested by the
mhibition of propylthionracil-indneed goiters in rats™ and the
suppression of thyraidal iodine-131 uptake. '
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appreciation for the valuable technical assistance of
Tiveline Bruenger.

10 The sumple was [darerl o bol stage pocheated oy 220% amd Lewted at

the rate of 42 i, 162 o 93 A% dee. Tl optical entatinn as sle-
terminel oo saple of nooradivartive w-lhivroxine preparerl in the same

way frowg nnnradicactive phenul was []n® —5.6% o0 2.2 0o o 1:d mixinee
of N sinlinn biyilraxinle winl ethyl alenboly.

16 Tad EOOWL Dempsey aml 10 16 Astwnud, Lpadocrinnlogy, 82, oM
110481 (b Co AL Plamondon, H. AL Selenknw, J. G, Wiswell, and 501
Asper, Jr., Bull. Johns Hopkins Hosp., 102, 88 (1418

0171 W. . Money, R. 1. Meltzee, D, Feblinun, anmd R W, Ruwsou, Kiolo-
vrinnlogy, 64, 193 (11391,
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Georgetoan Unrersity Medical Ceorder, Washingtor, D. (.

Received ol 1, 165

I view of our previous extensive work on izoindoles,
isoindolines, the corresponding intermediate imides,*®
and other azabicyclic systems,* it was desired to screen
representative types and derivatives of these systems
in the primary rodent tumor and tissue culture screens
of the Caneer Chemotherapy National Serviee Center.”
Accordingly, a cooperative nrrangement was worked out
whereby sufficient quantities of these compounds
could be made availuble for the anticancer primary
sereens.

During the course of this work a number of new
derivatives of these ring systems were prepared in
nddition to those previously reported.  Since previous
work had shown o high physiological activity, ac-
companied by low toxicity,” in derivatives of the 4.7-
epoxvisoindoline ring system. most of the wew deriva-
tives reported herein were derived from this nucleus.
These derivatives, aud some related imides and iso-

(1) Supportal i part by ol Conerr Clivnaiotherayy Nuational Servien
Center, tinler rontrart SA=43-0L-24017. 0l i Gesehipkter ool for Misl-
iral Reseurel Tine.

21 1,0 AL Riee, 14
[T BN

by L N Bimes 01 Greowgn, andd T 10 Reid, /0 Ay Clhvn Sy 78,
vall 1,

O CUTLL o aml Lo ML Rier, /. ey Cloegn ., 22, 1323 01907

ind Copeyy Clocmaothrrapy Repioo L D sy,

vk OOl Comganrad 1o ML Tee, 10 =0 Ty 20780, 100 TuAt

Lo Leul, aonl 000 1L Goengsan, J. Cirge Clerne, 19, 881
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indolimes, are listed in Table 1 together with pertivend
physical data.

The imides were prepared by reaction ol the ap-
propriate primary amines, with or without solven
depending on the volatility and solbility of the amine,
with the desived  dicarboxylic acid anhydrides, tol-
lowed by eyvelizntion of the mitially tormed amic acid
to the corresponding imide The somdoline bases
were obtamed by reduction of the imides with lithinm
aluminum hydride in abzelute ether. To all cases the
rediction procecded =moothly and cave gool vields
of the desived proditets except when the N =ubstitnent
wits hydrogen.  In this case the vield was considerably
reditced tfrom 80953 to aronnd H0€ 1.

Representative compounds were anbmitted to and
serecied nnder the anspiees ol the Cancer Chemo-
therapy National Service Center in the primary rodent
thmor  =creens eansisting of nnane  sarcoma 180,
adenocarcinoma 55, snd Ivmphoid lenkemia 12105
A mmber of the componnds were alzo assaved fin
growth inhibitory activity against the WD cell ne i
tixsne culture.

Isoindolines and otlnr wzabieyche componnds re-
synthesized for screening are <hown by the weneral
formmla

wherem the following .\ ring systems werce represented:
(1) benzene: (2) cyelohexane:; ¢33 crs-Al-cyclohexene:
(4) d.40.6-tetrachlorobenzene:  (5)  S-methyl-cie-A'-
cvelohexene: (8) 3,6-epoxveyvclohexane: (7) 3,6-meth-
ano-A*-cyvelohexene;  (8) 3-methyl-3.6-epoxveycelohex-
ane; (9 cvelobutane: (105 1.2.2-trimethylevclopen-
tanc.  Z was oxvgen (ntermediate imides) or 211
fizoindolines  or other azabicvelie bases). B was
varied to include bydrogen, alky! groups from | to 10
atoms, dialkylaminoalkyl, and heteroeychie alkvl groups.
T the fatter two side-chain types, Bowas the composite
grouping -« CHy NTR/RY wherein s was varied from 2
to 5; R’ alkyl gronps containing from 1 to 6 atoms, or
the grouping NI consisted of the heterocyceles mor-
pholine, pipevidine, or pyvrrohidine.  Tnoall cases the
isoindolines and other azabiceychic strictures were sub-
mitted in the form of their acid addition (usually hydro-
chlorides) salts, to ascertain il aetivity existed i the
hase itsclt, pud as quaternary spht= nsually as the
methonium  iodide. Where  dindkylaminoalkyl o
heteroevelie alkyl side chains existed, presenting o
busie nitrogen ntom in the side ehan. the weld addition
and quaternary saltz of the imides were also submittal].

A analysis of the =creening data for some 100 com-
pounds of the type sbmitted showed that none had
siguificant activity against lenkemia 1.-1210 (v 259
merease i hfe span). The hydrogen imides of the
various dicarboxyvhe anhydrides employved were pre-
pared and submitted since  tetrnhydrophthahmide
showed a 2497 increase in life span. None of the other
imides was as active ax tetrahyvdrophthalimide.  None
of the alkylimides, dinlkylaminoalkyl, or hcterocvelie
alkyl imides  ttheir acid  addition and  qunternary
<altsr passed any ol the stages 1o fhe assy agains



